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Characterization of a New Enterococcal Gene, satG, Encoding a Putative 
Acet}ltransferase Conferring Resistance to Streptogramiin A Compounds 



Strepiogramin antibiotics are mixtures of two chemically 
unrelated A and B compounds that act synergistically in vivo 
against gram-positive pathogens, such as staphylococci^ strep- 
tococci, and enterococci (8, ii). Resistance against B com- 
pounds is very widespread among enterococci and is mediated 
viVthe ermfl'gene cluster (e.g., on Tn977) that confers mac- 
rolide-lincosamide-sireptogramin B resistance (7). The syner- 
gistic mixture of streptogramins A and B overcomes resistance 
to B compounds but is inactive in resistance to A compounds. 
The only known resistance mechanism against streptogramin 
A compounds in enterococci is mediated by the streptograniin 
acetyltransferase SatA (9). Enterococcus faecium isolates with 
-mediated resistance have been found in samples of hu- 
man and animal origins, indicating a possible spread of resis- 
tance genes or resistant bacteria among different ecosystems 

(10)- 

We isolated a quinupristin-dalfopristin-resistant £. faecium 
UW1965 from a sewage treatment plant in Germany. The 
resistance determinant was transferred to a susceptible recip- 
ient, producing the transconjugant UW1965K1. UW1965K1 is 
resistant to quinupristin-dalfopristin (MIC ^ 16 ^Lg/ml) and 
virginiamycin M (A compound; MIC, 16 jig/ml), whereas the 



MIC of each antibiotic for the recipient was 1 ^JLg/ml. PGR 
amplification for the satA gene was negative. 

In staphylococci, resistance to streptogramin A compounds 
is meuialcu by two rucchafiisrns: (i) acetyiation of iiic strepio- 
gramin A via acet>'ltransferases (Vat, VatB, and VatC [1-31) 
and (ii) efflux due to an ABC transporter (Vga and VgaB [4, 
5]). PGR amplification for the vat, vatB, vatC, and vga genes 
failed to produce any product. The putative protein sequences 
of the known streptogramin acetyliransferases in staphylococci 
and enterococci contain three conserved motifs (2), Gorre- 
sponding primers, sati and salJ, have been made, producing 
a 144- to 147-bp fragment for var, satA, and vatB (2). PGR 
performed with these primers resulted in a ca. 150-bp fragment 
for UW1965K1. A digoxigenin-labelled probe of the amplified 
fragment was prepared, hybridizing with a 5.5-kbp fragment of 
£c£?RI-digested plasmid DNA from the transconjugant. The 
corresponding plasmid fragment was cloned into pUG18 and 
sequenced. 

The resulting DNA sequence (Fig. 1) did not show signifi- 
cant identity with other gene sequences from GenBank on the 
DNA level (6). One suitable open reading frame (ORF) was 
found, giving rise to a putative 214-amino-acid (214-aa) pro- 



1 cggtacccgg ggatcctcta 

otart prlaor ootOl 

61 ac |BtiEj a ctat acctgacgca, 
M T I PDA 



gactataatt aaaattaaat Aarrgaattc aoaaqtacta 



aatgc aatct atcctaactc 
N A 1 Y P N S 



agccatcaaa gaggttgtct 
A I K E V V F 



121 ttatcaagaa cgtgatcaaa 
I K N V I K 

181 acccagtaaa tcccaccgat 
p V N P T D 

241 acaaattaat catcggtaaa 
K L I I G K 

301 [5tg^A^^Sc^^^5*** 
A H H V M K 

361 ggcaacaata cactcctgaa 
Q Q Y T P E 
tta-awytH XII 

421 [:a tgac^tg ^;;: g;fet-t^ggc aej 
' D * V W F — C 0"^ 

481 ccattatcgg agcaaatagt 
I I G A N S 

541 gcaatccaat tcaactcatc_ 
N P I Q L I 

601 atctggcatg gtggaataaa 
LAW W N K 

661 aaacaacacc cacacttgaa 

T T P T L E 
721 gtgcaagcaa tccaaaaatg 



agtcccaata ttgaatattgg ggaccac acp^^at^ratgat^ 
S P N I E ^ C D it T V V D— b 



tttgagaaac acgttaccca 
F E K H V T H 
ttttgttcta tcgccagtgg 
F C S I A S G 



T3 — y — T- 

tcactatgaa tttctaggcg 
H y E F L G D 

cattgaattt jatcatgaacgl 
I E F I M M a 



ggtatttcga cttatccatt taatatttta ggtggcgatt 
GIST YPF NIL GG DW 
ctgactgatt tgccgttgaa aggtgatact gtagttggAg 
LTDL PLK GDT VVCN 

aatgtgaccg tcctaccagg cgtaaaaata ggtgacggtg 
NVTV LPG VKI GDG A 



gttgtaacaa aagacgtcgc 
V V T K D V A 
priaer oatoa 

qqaccaagat ttgaacc gga 

G P R F E P E 

gatattgaat ggataactgc 

D I E W I T A 



tccatataca attgtcggtg 
p Y T I V G G 



ttgataaaca gtttaatgga 
L I N S L M E 
attgtttaca cggcctttac 



agttattcaa 
V I Q 

taatgttcct 
N V P 
atop 

aaa^|§aaa 
tatttagtga 



gcattagaaa 
A L E N 
aaactaatgc 
K L M Q 

caaaaaagcc 

atccaattta 



781 ttaataatag atatgatata ccagtaaaaa atacactagc cacctctggc ggtactctac 
841 tcgtatattt tatttacgac cttctgacga taaaggtcac ttccctgtcc ccagaaaata 
901 aagc 

FIG 1 A 904-bp sequence located on the 5.5-kbp cloned fragment in pUClS (GenBank accession no. AF139725). The ORF begins at nucleotide 63 with an ATG 
su™odin precedinVa^^^^^ Hbosomal binding sile (RBS) (double-underlined) at positions 50 to 57. Thc^cdicted gene sequer^ enemies a proiem of ^^ ^^^-^ 
iLSnificam with other streptogramin acetyltransferases (aa motifs 1. 11, HI; see also F.g. 2). The locat.ons of the pnmers satGl and satG2, specific only 

for the satG sequence, arc underlined (plus strand). 
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Uotif Z 

SatC: 1 K TIPDANA1VPNSAIKE^^^IK^WI -KSPNIEIGDTTTTODPVNPTDFEKH\riWlf ETUi 63 

VatB: 1 MX yGPDPNSiyPHEEIKSVCFIKNTl -TNPNI IVCDYTYieOVNGAEKFEEHNTrHHYEFRCDKLV 64 

VatC: 1 MKWONQQGPNPEEIYPlEGNKHVQPIKPSI-TKPNILVOlYSTnfDSK-DGESFESOVLYHYEHGDKLI 67 

SatA: 1 M CPNPmWYPIECNKSVQFIKPlLEKLENVEVOKyarrBSK-NCETPDKQILYHYPILKDKLK 62 

Vat: 1 MHUmDHGPCPEWlLPIKGNRNl^FIKPTI-TNEWILVCBTSYTDSKRGES-FEtCVLYKyEVIGDKLI 67 

Hotif XZ Uotlt ZIZ 

SatG: 64 IGKFCSIASGIEFZMNOXWFVllKGISTyPFNILGGWOOYTPEL-TDLPLKCiyrVVamJvn^ 128 
VatB: 65 IGKFCAIAEGIEriKHGXKIUUlNSITTYPFNIMCNGWEKATPSL-EDLPPKGDTVVGllinWZOQNV 129 
VaCC: 68 U;KFCSIGPGTTFIMyOXHKW^DG-STPPrNLFCNCWElQ^TPTL-EDLPYKG^^^EIOllrTVWI0^ 131 
SatA: 63 IGKPCSIGPGVTIZKNCXWHWIDG-SrYPFNU^NGWEXWPKL-OOLPIKGirrilCtnrWOK 126 
Vat: 68 IGRPCSIGPCTTFIKNGAMKRMDG-STYPFHLFWIGWEKVMPSL-KDLPLKCDIEIOHDVWZGRDV 131 



S a tG : 1 5 ? TVT. POVK. IG TCA 1 I^SANSVVTyJJVApyTI VGGNP lOLIGPRFEPtV lO>iENIi».W 1 $ 3 

Vatfii 130 TVMPGIQIGDGAIVAANSWTKDVPPYRIIGGNPSRIIKKRFEDELIDYLLQIKW 184 

VatC: 132 TIMPGVKIGNGAIIAAKSWTKNVDPYSWGGNPSRLIKIRFSKEKIAAIUCVRW 186 

SatA: 127 VIMPGVKIGDGAI VAANSVWXOIAPYMLAGGNPANEIKORFDQDTINOIXDIKW 181 

Vat: 132 TIMPGVKICDGA1IAAEAWTKNVAPYSIVCGNPUCF1RKRFSDCVIEEWLA1X3W 186 



SatG: 184 WNKDIEWITANVPKLKOTTPTI.ELINSLMEK 214 
VatB: 185 WDWSAOKIFSNLETLCSS--DLEKIKSIRD 212 
VatC: 187 WDLEIETINENI 198 
SatA: 182 WNWPIDI INENIDKILDNSIIREVI 206 
Vat: 187 WNLDMXIZNENLP 199 

FIG. 2. Alignment of amino acid sequences of acetyl transferases from staphylococci and cnicrococci (1-3. 9) conferring resistance to strcptogramin A aniibioiics- 
Identical residues are indicated by asterisks. Highly conserved regions in different strcptogramin A acctyliransfcrases— motifs I. II, and HI— arc boldfaced. Primers sati 
and satJ have been designed on the basis of the corresponding nucleotide sequences in motifs II and III (2). 



tein, A comparison of amino acid similarities indicated rather 
significant homology between strcptogramin acetyltransferases 
and the new putative acetyltransferase, designated SatG (Fig. 
2). Based on the sequence for saiG, two primers, satGl and 
satG2, have been designed. Preliminary results of a search for 
streptogramin-resisiant enterococci {£. faecium, £. hirae, and 
E, ditrans) revealed the existence of the satG gene in 9 of 23 
isolates from sewage, 6 of 24 isolates from broiler samples, and 
all 17 isolates from poultry manure. Of 62 quinupristin-dalfo- 
pristin-resislant £. faecium (QDREF) isolates from hospitals 
in Germany, 9 were positive for satG. The high number of 5flfG 
QDREF isolates from poultry meat and manure may be due to 
selection of these bacteria by use of virginiamycin as a feed 
additive, and spread of the resistance via the food chain to 
humans is very likely. This hypothesis is being investigated. 
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